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Description 

METHOD FOR REDUCING SPIKES IN A 
DIG ITAL-TO- ANALOG CONVERTER 

Background of Invention 
[000 1 ] 1. Field of the Invention 

[0002] The invention relates to a method for reducing spikes in a 
digital-to-analog converter, and more particularly, to a 
method for setting a digit circuit that corresponds to a 
predetermined bit of the digital voltage signal with least 
signal variation closest to an output module for reducing 
spikes in a digital-to-analog converter. 

[0003] 2. Description of the Prior Art 

[0004] Liquid display devices(LCD), which are thin, flat panel dis- 
play devices, can be found in a plethora of electronic 
goods, ranging from notebook computers and digital 
cameras to flight avionics and medical diagnostic tools. 
LCDs offer crisp, high-resolution images, and have the 
primary advantage of offering relatively low power- 



consumption rates while still maintaining good color con- 
trast and screen refresh rates. In recent years, the newly 
developed low-temperature Poly Silicon LCD (LTPS LCD) 
can directly attach the driving circuit on the glass sub- 
strate so that the quantity of the driving circuits can be 
reduced, the package/material cost can be downsized, 
and the reliability and compactness of the commercialized 
products can be significantly increased. 
[0005] | n an electric circuit, the spikes are generally generated 
from the power source. In U.S. Pat. No. 6,348,783, "DC/ 
DC converter for suppressing effects of spike noise", 
Tateishi et al. disclose an AC/DC transformer for erasing 
spikes. Regarding display systems, for achieving advan- 
tages of power saving, integrity, and cost effectiveness, 
more LCD systems adopt the digital type of input data so 
that the digital-to-analog converter should be involved in 
the data driver. Therefore, the quality of the LCD system 
relies on the transformation process in the digital- 
to-analog converter. During the transformation process, 
spikes generated in the digital-to-analog converter are 
significantly related to the quality of display since the 
spikes would lead to the unstable displaying and redun- 
dant power consumption. Therefore, effective spike re- 



duction in the digital-to-analog converter becomes a cru- 
cial topic for display systems. Nowadays, the type of the 
digital-to-analog converter in the display system includes 
the R-string digital-to-analog converter (R-string DAC), 
the C-string digital-to-analog converter (C-string DAC), 
and the mixed-type digital-to-analog converter. The R- 
string digital-to-analog converter most seriously suffers 
from the spikes. Please refer to Fig.l, which is a schematic 
diagram of an R-string digital-to-analog converter 10 ac- 
cording to the prior art. The digital-to-analog converter 
10 is a 3-to-3 R-string digital-to-analog converter 10 for 
transforming a 6-bit digital voltage signal into an analog 
voltage signal. As shown in Fig.l, the digital-to-analog 
converter 10 includes a receiving circuit 12, six digit cir- 
cuits 14-19, a reference circuit 20, and an output module 
22. The receiving circuit 12 is used for receiving the 6-bit 
digital voltage signal, and for respectively being electri- 
cally connected to the six digit circuits 14-19. The refer- 
ence circuit 20 is used to provide nine different reference 
voltages for the six digit circuits 14-19. The nine different 
reference voltages are respectively 0V, 0.5V, IV, 1.5V, 2V, 
2.5V, 3V, 3.5V, and 4V. The six digit circuits 14-19 in- 
clude a first digit circuit 14 to a sixth digit circuit 19, and 



the six digit circuits 14-19 (the first digit circuit 14 to the 
sixth digit circuit 19) respectively correspond to six bits of 
the digital voltage signal (a first bit to a sixth bit). For ex- 
ample, the first digit circuit 14 corresponds to the first bit 
of the digital voltage signal. In addition, each digit circuit 
includes a plurality of transistors. For instance, the fourth 
digit circuit 17 to the sixth digit circuit 19 (respectively 
corresponding to the fourth bit to the sixth bit of the digi- 
tal voltage signal) respectively include sixteen PMOS tran- 
sistors or NMOS transistors, and the first digit circuit 14 
to the third digit circuit 16 (respectively corresponding to 
the first bit to the third bit of the digital voltage signal) 
respectively include eight PMOS transistors or NMOS tran- 
sistors. When being implemented, the six digit circuits 
combined with resistors as shown in Fig.l can operate a 
voltage-separating function and transform the digital 
voltage signal into an analog voltage signal corresponding 
to the digital voltage signal. Afterwards, after a related 
current will flow to the output module 22, the output 
module 22 can output the transformed analog voltage 
signal to a data line. Therefore, the magnitude of the ana- 
log voltage signal determines the light intensity of a pixel 
in a panel. In addition, as shown in Fig.l, the output mod- 



ule 22 further includes a loading resistor 24, which is an 
essential element for the digital-to-analog converter 10, 
used for impedance matching. 
[0006] please continue to refer to Fig.l. In the prior-art digital- 
to-analog converter 10, the third digit circuit 16 
(corresponding to the third bit of the digital voltage sig- 
nal) is closest to the output module 22. Actually, accord- 
ing to the prior art, there is no rule to determine which 
digit circuit should be closet to the output module 22 or 
farthest from the output module 22. Please notice that, in 
the R-string digital-to-analog converter 10, the composi- 
tion and arrangement of the PMOS transistors and the 
NMOS transistors are predetermined and unchangeable. 
For instance, the fourth digit circuit 17corresponding to 
the fourth bit of the digital voltage signal includes eight 
PMOS transistors and eight NMOS transistors, and the ar- 
rangement of the PMOS transistors and the NMOS transis- 
tors in the fourth digit circuit 17 should conform to the 
embodiment shown in Fig.l. Please notice that the first 
digit circuit 14 to the third digit circuit 16 (corresponding 
to the first bit to the third bit of the digital voltage signal) 
respectively includes four PMOS transistors and four 
NMOS transistors, however, the arrangements of the first 



digit circuit 14 to the third digit circuit 16 are different. 
[0007] please refer to Fig. 2, which is a simulation diagram of the 
outputted analog voltage signal of the prior-art R-string 
digital-to-analog converter 10 shown in Fig.l. The hori- 
zontal axis represents variation of time, and the vertical 
axis represents variation of an output voltage. As shown 
in Fig. 2, the value of the analog voltage signal can reflect 
serious spike interference, and the maximum spike value 
can reach 3V, which is even larger than the original value 
of the analog voltage signal. Moreover, the minimum 
spike value is 0.6V. Therefore, the above-mentioned spike 
interference may cause unstable displaying detected by 
bare eyes and significantly redundant power consumption. 
After detailed analyses for the R-string digital-to-analog 
converter 10 shown in Fig.l, we found that the spikes 
mainly come from the loading resistor 24 included in the 
output module 22. However, the loading resistor 24 is es- 
sential and unchangeable for the digital-to-analog con- 
verter 10. Therefore, we have to find out a new method 
without modifying the loading resistor 24 to reduce 

spikes. 
Summary of Invention 

[0008] it j S therefore a primary objective of the claimed invention 



to provide a method for reducing spikes in the digital- 
to-analog converter to solve the above-mentioned prob- 
lems. 

[0009] | n the claimed invention, based on the structure of an lu- 
string digital-to-analog converter, we disclose an ar- 
rangement to set a digit circuit that corresponds to a pre- 
determined bit of the digital voltage signal with least sig- 
nal variation closest to an output module for reducing 
spikes in a digital-to-analog converter. Therefore, we can 
eliminate unstable displaying and redundant power con- 
sumption without the need of additional installation of 
electric devices. 

[0010] According to the claimed invention, amethod for trans- 
forming a digital voltage signal into an analog voltage 
signal to reduce spikes by utilizing a digital-to-analog 
converter is disclosed. The digital-to-analog converter 
comprises a plurality of digit circuits, wherein each digit 
circuit respectively corresponds to a bit of the digital volt- 
age signal. The method comprises: receiving the digital 
voltage signal; setting the digit circuit corresponding to a 
predetermined bit of the digital voltage signal closest to 
an output module; and outputting an analog voltage sig- 
nal corresponding to the digital voltage signal; wherein 



the predetermined bit of the digital voltage signal is the 
bit with least signal variation among the bits of the digital 
voltage signal. 

[0011] According to the claimed invention, adigital-to-analog 

converter for transforming a digital voltage signal into an 
analog voltage signal is disclosed. The digital-to-analog 
converter comprises: a receiving circuit for receiving the 
digital voltage signal; a plurality of digit circuits electri- 
cally connected to the receiving circuit for transforming 
the digital voltage signal into an analog voltage signal 
corresponding to the digital voltage signal, each digit cir- 
cuit corresponding to a bit of the digital voltage signal; 
and an output module electrically connected to a digit cir- 
cuit that corresponds to a bit with least signal variation 
among the bits of the digital voltage signal for outputting 
the transformed analog voltage signal, the output module 
comprising a loading resistor for impedance matching. 

[0012] These and other objectives of the present invention will no 
doubt become obvious to those of ordinary skill in the art 
after reading the following detailed description of the pre- 
ferred embodiment, which is illustrated in the various fig- 
ures and drawings. 
Brief Description of Drawings 



[0013] pig.l is a schematic diagram of an R-string digital- 
to-analog converter according to the prior art. 

[0014] pig. 2 is a simulation diagram of the outputted analog 

voltage signal of the R-string digital-to-analog converter 
shown in Fig.l. 

[0015] pig. 3 is a schematic diagram of an R-string digital- 
to-analog converter according to the present invention. 

[0016] Fig. 4 is a list diagram of a detailed embodiment of the 
structure shown in Fig. 3. 

[0017] Fig. 5 is a simulation diagram of the outputted analog 

voltage signal of the R-string digital-to-analog converter 

shown in Fig. 3. 
Detailed Description 

[0018] First of all, a digital image, as a gray-scaled image, is 

composed of a plurality of signals of various frequencies, 
and the differences among those frequencies generally 
conform to a certain rule. During the forming process of 
the digital image, such as the gray-scaled image, we 
found that there is a bit of the digital voltage signal hav- 
ing with least signal variation (logic value varied from 0 to 
1 or from 1 to 0) along the time (horizontal) axis. The dis- 
covery is the most important base for the characteristics 
of the present invention. Please refer to Fig. 3, which is a 



schematic diagram of an R-string digital-to-analog con- 
verter 30 according to the present invention. The digital- 
to-analog converter 30 is a 3-to-3 R-string digital- 
to-analog converter 30 for transforming a 6-bit digital 
voltage signal into an analog voltage signal. As shown in 
Fig. 3, the digital-to-analog converter 30 includes a re- 
ceiving circuit 32, six digit circuits 34-39, a reference cir- 
cuit 40, and an output module 42. The receiving circuit 32 
is used to receive the 6-bit digital voltage signal and the 
receiving circuit 32 is electrically connected to the six 
digit circuits 34-39. The reference circuit 40 is used to 
provide nine different reference voltage 40a-40i, and the 
nine different reference voltages 40a-40i are respectively 
0V, 0.5V, IV, 1.5V, 2V, 2.5V, 3V, 3.5V, and 4V. The first 
digit circuit 34 to the sixth digit circuits 39 (in the six 
digit circuits 34-39) respectively corresponds to the first 
bit to the sixth bit of the digital voltage signal, and each 
digit circuit includes a plurality of transistors. For in- 
stance, the fourth digit circuit 37 to the sixth digit cir- 
cuits39 (corresponding to the fourth bit to the sixth bit of 
the digital voltage signal) respectively includes sixteen 
PMOS transistors or NMOS transistors (NMOS), and the 
first digit circuit 34 to the third digit circuit 36 



(corresponding to the first bit to the third bit of the digital 
voltage signal) respectively includes eight PMOS transis- 
tors or NMOS transistors. Please notice that the major dif- 
ference of the R-string digital-to-analog converter 30 of 
the present embodiment and the prior-art R-string the 
digital-to-analog converter 10 shown in Fig.l is the ar- 
rangement of the digit circuits. According to the charac- 
teristics of the present invention, the R-string digital- 
to-analog converter 30 shown in Fig. 3 is restricted to set 
the first digit circuit 34 (corresponding to the first bit of 
the digital voltage signal) closest to the output module 
42, and the first bit of the digital voltage signal is deter- 
mined to be a bit with least signal variation among the six 
bits of the digital voltage signal. 
[0019] when the 6-bit digital voltage signal is transmitted to the 
R-string digital-to-analog converter 30 from the receiving 
circuit 32, combined with the nine reference voltages 
40a-40i provided by the reference circuit 40, the fourth 
digit circuit 37 to the sixth digit circuits 39 
(corresponding to the fourth bit to the sixth bit of the 
digital voltage signal) will first determine two voltages, 
DACN and DACP. The relation between the two voltages 
(DACN and DACP) and the fourth bit to the sixth bit of the 



digital voltage signal can refer to Fig. 4, which is a list dia- 
gram of a detailed embodiment of the structure shown in 
Fig. 3. As shown in Fig. 4, there is a difference of 0.5V be- 
tween the two voltages, DACN and DACP, and the voltage 
DACN is determined by the reference voltages 
40b-40i(0.5V-4V), while the voltage DACP is determined 
by the reference voltages 40a-40h (OV-3.5V). Afterwards, 
by the operation of the resistors shown in Fig. 3, each re- 
sistor close to the third digit circuit 36 will have a voltage 
drop (0.5V / 8 = 0.04V). Therefore, the first digit circuit 
34 to the third digit circuit 36 corresponding to the first 
bit to the third bit of the digital voltage signal will deter- 
mine a route to pass a voltage to the output module 42. 
The output module 42 can be used to output the trans- 
formed analog voltage signal to a data line. Similar to the 
prior-art structure shown in Fig.l, in the R-string digital- 
to-analog converter 30 of the present invention, the out- 
put module 42 also includes anindispensable loading re- 
sistor 44 for impedance matching. 
[0020] please continue to refer to Fig. 3. In the digital-to-analog 
converter 30, the first digit circuit 34, which corresponds 
to the first bit with least signal variation among the six 
bits of the digital voltage signal, is closest to the output 



module 42. In addition, in the R-string digital-to-analog 
converter 30, the composition and arrangement of the 
PMOS transistors and the NMOS transistors are predeter- 
mined and unchangeable. For instance, the fourth digit 
circuit 37 corresponding to the fourth bit of the digital 
voltage signal includes eight PMOS transistors and eight 
NMOS transistors, and the arrangement of the PMOS tran- 
sistors and the NMOS transistors in the fourth digit circuit 
37 should conform to the embodiment shown in Fig. 3. 
Compared with the embodiment shown in Fig.l, the ar- 
rangements of transistors of the first digit circuit 34 to 
the sixth digit circuit 39 shown in Fig. 3 is respectively the 
same as the arrangements of the first digit circuit 14 to 
the sixth digit circuit 19 shown in Fig.l. For instance, ar- 
rangement of the PMOS transistors (P) and the NMOS tran- 
sistors (N) in the first digit circuit 34 can be represented 
as "NNNNPPPP", which is the same as that in the first digit 
circuit 14 shown in Fig.l. In other words, we exchange the 
positions of the first digit circuit 14 and the third digit 
circuit 19 shown in Fig.l to achieve the present invention. 
Therefore, the first digit circuit 34, which corresponds to 
the first bit with least signal variation among the six bits 
of the digital voltage signal, is closest to the output mod- 



ule 42. 

[0021] please refer to Fig. 5, which is a simulation diagram of the 
outputted analog voltage signal of the R-string digital- 
to-analog converter 30 shown in Fig. 3. The horizontal 
axis represents variation of time, and the vertical axis 
represents variation of an output voltage. As shown in 
Fig. 5, the value of the analog voltage signal can reflect 
serious spike interference, and the maximum spike value 
is 0.5V, which is much smaller than the maximum spike 
value shown in Fig. 2. Due to that the simulation results 
can truthfully reflect the real performances of the cir- 
cuitry, the reduced spike magnitude means a great im- 
provement for display quality by the present invention. 
According to the above-mentioned problem, the loading 
resistor is essential and unchangeable for the digital- 
to-analog converter. Therefore, the present invention can 
provide an arrangement without modifying the loading re- 
sistor to effectively reduce spikes. That is, we can elimi- 
nate unstable displaying and redundant power consump- 
tion without the need of additional installation of electric 
devices. 

[0022] Those skilled in the art will readily observe that numerous 
modifications and alterations of the device and method 



may be made while retaining the teachings of the inven- 
tion. Accordingly, the above disclosure should be con- 
strued as limited only by the metes and bounds of the ap- 
pended claims. 



